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(54) AUPHATIC POLYESTER STRETCH-MOLDED OBJECT AND PRODUCTION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a biaxially stretched molded object made of aliphatic 
polyester eliminated or reduced in the anisotropy of mechanical strength characteristics and 
enhanced in gas barrier properties. 

SOLUTION: In a method for producing an aliphatic polyester stretch-molded object by the biaxial 
stretch molding of a preform of a resin based on aliphatic polyester, a negative gradient is provided 
to a stretching speed in the biaxial stretching of the preform so that an initial stretching speed 
becomes high and a final stretching speed becomes low. By vapor-depositing hard carbon film, gas 
barrier properties are also enhanced. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation* 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process of the drawing Plastic solid characterized by preparing negative inclination in a 
drawing rate and fabricating biaxial stretching of a preforming object at it in the process of the aliphatic 
series polyester drawing Plastic solid which consists of carrying out biaxial-stretching shaping of the 
preforming object of the resin which makes aliphatic series polyester a subject so that the drawing rate 
of a telophase may become [ an early drawing rate ] large small. 

[Claim 2] The process of the drawing Plastic solid characterized by forming the hard carbon film in one 
[ at least ] front face of the aliphatic series polyester drawing Plastic solid formed with chemical vapor 
deposition. 

[Claim 3] It is the drawing Plastic solid formed from the resin which makes aliphatic series polyester a 

subject, and is the following type (1). 

T45<=Tx--(l) 

the aliphatic series polyester drawing Plastic solid which Tx is the **** yield point reinforcement (MPa) 
of the direction of biaxial stretching of a Plastic solid among a formula, and is characterized by coming 
out and T45 having the strength property which is the **** yield point reinforcement (MPa) of the 
direction of 45 degree, and which is expressed to the drawing direction of a Plastic solid. 
[Claim 4] The following type (2) 
Do=(S-Sa)/S ~ (2) 

the drawing Plastic solid according to claim 3 characterized by the orientation degree of crystallinity 
(Do) which S expresses the chemical shift 100 when measuring a Plastic solid sample by 13C broad line 
NMR thru/or the peak area of 300 ppm among a formula, and expresses the peak area of the NMR 
spectrum when measuring Sa like [ powder / of said sample / amorphous ] the above, and which is come 
out of and defined being 0. 1 5 or more. 

[Claim 5] The drawing Plastic solid according to claim 3 or 4 with which aliphatic series polyester is 
characterized by a glass transition point (Tg) being aliphatic series polyester -60 degrees C or more. 
[Claim 6] The drawing Plastic solid according to claim 3 or 4 characterized by aliphatic series polyester 
being polyhydroxy alkanoate. 

[Claim 7] A drawing Plastic solid given in claim 3 thru/or any of 6 they are. [ which is characterized by 
forming the hard carbon film in one / at least / front face of an aliphatic series polyester drawing Plastic 
solid ] 

[Claim 8] The container characterized by consisting of a drawing Plastic solid given in any [ claim 3 
thru/or ] of 7 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drawing Plastic solid and its manufacture approach 

of the aliphatic series polyester which has improved the anisotropy of a mechanical strength. 

[0002] 

[Description of the Prior Art] In recent years, the amount serves as steps splenium and the solid waste 
which a city discharges is approaching the limitation of an abolition throughput. As one of the 
ringleaders of this solid waste, plastics is always pointed out. 

[0003] As the ideal solution to, the degradable plastic which disappears by natural environment attracts 
attention. There are a photodegradable plastic from which the chain of a polymer is cut by ultraviolet 
rays, and a biodegradable plastic which collapses in an operation of the enzyme which bacteria and true 
fungi emit to the outside of the body in a degradable plastic. 

[0004] However, in the case of the photodegradable plastic, by flasking-among soil processing, 
effectiveness cannot be expected and it has a hope from a certain thing to a biodegradable plastic also 
with great fear of the environmental pollution by the decomposition product. 
[0005] As a biodegradable plastic, the random copolymer of aliphatic series polyester (PHA), for 
example, polyhydroxy butyrate, 3-hydroxy butyrate (3HB), and 3-hydroxy BARIRETO (3HV), Pori 
(epsilon-caprolactone) (PCL), polybutylene succinate (PBS), a polybutylene succinate horse mackerel 
peat (PBAS), polylactic acid (PLLA), etc. are known conventionally. 
[0006] 

[Problem(s) to be Solved by the Invention] However, although these aliphatic series polyester is 
excellent in respect of harmony with an environment, such as biodegradability, it has the trouble which 
must still be solved in respect of a moldability. As one example, aliphatic series polyester is inferior in 
the melt nature of resin, and it has the problem that shaping of direct blow and injection drawing 
shaping, thermostat form shaping of a sheet, etc. is difficult. For this reason, the macromolecule 
quantification (JP,7-205278,A) by the chain length drawing using the improvement in melting tension 
(JP,5 -289623, A) and diisocyanate by addition of an inorganic filler, a diepoxy compound, and an acid 
anhydride is proposed. Moreover, generally aliphatic series polyester can raise material strength by 
processing by drawing shaping. 
[0007] 

[Problem(s) to be Solved by the Invention] Mechanical strengths of aliphatic series polyester, such as 
yield point reinforcement and an elastic modulus, improve by drawing like usual plastics. However, 
when biaxial-stretching shaping of the aliphatic series polyester is carried out, the anisotropy of a 
mechanical strength produces the obtained drawing moldings. 

[0008] For example, it sets to the biaxial-stretching Plastic solid of aromatic polyester and polyethylene 
terephthalate (PET). From the yield point reinforcement of the drawing direction of a machine, i.e., the 
direction, (MD), and the crossing direction (TD), and MD and TD, although reinforcement with the 
almost equal yield point reinforcement of the direction of 45 degrees is shown As for aliphatic series 
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polyester like polylactic acid, the yield point reinforcement of the drawing direction of a machine, i.e., 
the direction, (MD), and the crossing direction (TD) is falling [ MD and ] from the yield point 
reinforcement of the direction of 45 degrees from TD. 

[0009] Thus, the anisotropy of a mechanical strength has produced the biaxial-stretching Plastic solid of 
aliphatic series polyester, and since reinforcement becomes low by the drawing shaft orientations which 
reinforcement should increase especially essentially, it has the problem that the design of a Plastic solid 
on the strength is difficult. For example, with solid shaping containers, such as a bottle and a cup, it is 
suitable to take the drawing direction to container shaft orientations and a container hoop direction. In 
this case, it is the main point important also for prevention about the crack by buckling prevention, the 
crack prevention by the drop impact, expansion, contraction, or deformation to consist the mechanical 
strength of the field which a drawing shaft makes isotropic. However, since mechanical strengths differ 
also in the direction in which the reinforcement of shaft orientations or a hoop direction makes a 
direction 45 degrees with a drawing shaft, the reinforcement of the biaxial-stretching Plastic solid of 
aliphatic series polyester has not attained the desired end. It is not practical to perform drawing actuation 
in the direction which inclined 45 degrees from shaft orientations and the hoop direction of a container 
on the other hand. 

[0010] And in the biaxial-stretching Plastic solid which has the anisotropy of a mechanical strength as 
mentioned above, on the occasion of the compression set, the inclination to often generate a crack also 
found a certain thing as shown in the example of a comparison. 

[001 1] Therefore, the object of this invention is to set to the biaxial- stretching Plastic solid formed from 
aliphatic series polyester, and offer the aliphatic series polyester biaxial-stretching Plastic solid whose 
mechanical-strength property that the anisotropy of the above-mentioned mechanical strength was 
canceled thru/or reduced was stable, and its manufacture approach. 
[0012] 

[Means for Solving the Problem] According to this invention, in the process of the aliphatic series 
polyester drawing Plastic solid which consists of carrying out biaxial-stretching shaping of the 
preforming object of the resin which makes aliphatic series polyester a subject, the process of the 
drawing Plastic solid characterized by drawing shaping which prepared negative inclination in the 
drawing rate as the drawing rate of a telophase was made small greatly [ biaxial stretching / of a 
preforming object / rate / early / drawing ] is offered. It is the drawing Plastic solid which was formed 
from the resin which makes aliphatic series polyester a subject again according to this invention, and is 
the following type (1). 
T45<=Tx--(l) 

Tx is the **** yield point reinforcement (MPa) of the direction of biaxial stretching of a Plastic solid 
among a formula, and the aliphatic series polyester drawing Plastic solid characterized by coming out 
and T45 having the strength property which is the **** yield point reinforcement (MPa) of the direction 
of 45 degree, and which is expressed to the drawing direction of a Plastic solid is offered. The aliphatic 
series polyester drawing Plastic solid by this invention is the following formula (2). 
Do=(S-Sa)/S - (2) 

it is desirable that the orientation degree of crystallinity (Do) which S expresses the chemical shift 100 
when measuring a Plastic solid sample by 13C broad line NMR thru/or the peak area of 300 ppm among 
a formula, and expresses the peak area of the NMR spectrum when measuring Sa like [ powder / of said 
sample / amorphous ] the above and which is come out of and defined is 0. 1 5 or more. Moreover, a glass 
transition point (Tg) is aliphatic series polyester -60 degrees C or more, and the aliphatic series polyester 
used for this invention shows polyhydroxy alkanoate. According to this invention, the container further 
characterized by consisting of the above-mentioned drawing Plastic solid is offered. The hard carbon 
film can be formed in the drawing Plastic solid by this invention with chemical vapor deposition in order 
to control the gas permeability which lets a container wall pass and to prevent the sorption of the flavor 
component in contents. 
[0013] 

[Embodiment of the Invention] [Operation] this invention is based on the new knowledge of making the 
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drawing rate which made the drawing rate of a telophase small greatly [ biaxial stretching / of an 
aliphatic series polyester preforming object / rate / early / drawing ] canceling thru/or reducing the 
anisotropy of the reinforcement of a drawing Plastic solid, and selling to it with drawing shaping which 
established negative inclination. 

[0014] That is, in this invention, it is important for canceling thru/or reducing the anisotropy of the 
mechanical strength of an aliphatic series polyester drawing Plastic solid by performing biaxial- 
stretching actuation which prepared negative inclination in the drawing rate which makes the drawing 
rate of a telophase small greatly [ rate / early / drawing ]. For example, when a drawing rate extends at a 
fixed rate, when a drawing rate is large, and it is which in the case of being small, the yield point 
reinforcement of the drawing direction is falling as compared with the yield point reinforcement of a 
direction (the direction of a vertical angle) by 45 degrees. On the other hand, by performing drawing 
shaping which prepared negative inclination in the drawing rate which enlarges an early drawing rate 
and makes the drawing rate of a telophase small, it is equal to the yield point reinforcement of the 
direction of a vertical angle, or yield point reinforcement of the drawing direction can be made larger 
than it. It became possible to cancel disadvantageous profit that the reinforcement of a result and the 
drawing direction falls. 

[0015] The aliphatic series polyester drawing Plastic solid by this invention shows the strength property 
with which are satisfied of said formula (1). For this reason, the container which consists of a drawing 
Plastic solid of this invention has the advantage that the crack by expansion contraction or deformation 
is also prevented effectively while it is excellent in buckling-proof nature or drop-proof impact nature. 
[0016] As for the drawing Plastic solid by this invention, it is desirable that the orientation degree of 
crystallinity (Do) defined by said formula (2) is 0.2 especially or more 0.15 or more a mechanical 
property, transparency, and in respect of thermal resistance. 

[0017] Usually, the thermoplastic polyester guided from the dibasic acid which makes aromatic 
carboxylic acid a subject, and the glycol can measure the degree of crystallinity by orientation in 
densimetry, and the relation of the consistency and degree of crystallinity which are measured is 
expressed with the following type (3). Degree-of-crystallinity Xc=(rho c/rho) x{(rho-rho am)/(rho c-rho 
am)}xl00-(3) 

For the consistency of the sample which rho is n-heptane-4 chlorination carbon system density gradient 
tubing (product made from the Ikeda ****) among a formula, and is measured 20 degrees C, and rhoam, 
an amorphism consistency (1.335g/cm3 ) and rhoc are a crystal consistency (1.455g/cm3 ). 
[0018] However, in the case of aliphatic series polyester, most consistencies are regularity and the 
sample to which polylactic acid etc. especially carried out orientation also of the amorphism sample to 
altitude cannot ask for orientation degree of crystallinity using densimetry, either. 
[0019] this invention person has relation with as close chemical shift 100 when measuring aliphatic 
series polyester by 13C broad line NMR thru/or peak area of 300 ppm (carbonyl carbon field) as extent 
of the orientation of aliphatic series polyester, and found out that the amount of preferred orientation 
could be measured from this peak area. That is, about an aliphatic series polyester drawing Plastic solid, 
it asks for the area S of an NMR spectrum, and asks for the peak area Sa of the NMR spectrum when 
subsequently measuring like the above about the amorphous powder of this sample, and orientation 
degree of crystallinity (Do) is computed from said formula (2). Thus, the response of 1 :1 is between the 
orientation degree of crystallinity (Do) and draw magnification which were called for. 
[0020] Drawing 1 shows the relation between draw magnification (shaft-orientations draw 
magnification, area draw magnification) and the obtained orientation degree of crystallinity (Do) about 
the various drawing Plastic solids of aliphatic series polyester. According to drawing 1 , it turns out that 
the degree of orientation ********** i s increasing as draw magnification increases. 
[0021] By performing biaxial-stretching actuation which prepared negative inclination in the drawing 
rate which makes the drawing rate of a telophase small greatly [ polyester / aliphatic series / rate / early / 
drawing ] as explained above according to this invention The strength property of a drawing moldings is 
in the range with which are satisfied of said formula (1), it should be anisotropy-canceled, thru/or a 
mechanical strength should be reduced, and the point that moreover orientation degree of crystallinity 
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(Do) is attained for an improvement of this anisotropy in 0.15 or more fields should be noted. 

[0022] (Aliphatic series polyester resin) In this invention, the thing of the arbitration of the 

biodegradability aliphatic series polyester resin which makes a hydroxy alkanoate unit a subject is used 

as aliphatic series polyester resin. This aliphatic series polyester resin should have the molecular weight 

which can form a film at least, and, generally it is good 10000 thru/or 300000, and for especially that 

number average molecular weight to be in the range of 20000 thru/or 200000. The examples of suitable 

aliphatic series polyester resin are polyhydroxy alkanoate or these copolymers. 

[0023] As polyhydroxy alkanoate, it is the following type [** 1]. 

R O 

I II 
- [-O-CH- (CH 2 ) n-C-] - 



R is the alkyl group of a hydrogen atom, a straight chain, or branched chain among a formula, the 
repeating unit 3 whose n is a positive integer containing zero and which is come out of and expressed, 
for example, lactic-acid [R=CH, ~ [ ] n= 0, LLA], 3-hydroxy butyrate [R=CH3 n= 1, 3HB], 3-hydroxy 
BARIRETO [R=CH2 CH3 , n= 1, 3HV], 3-hydroxy KAPUROETO[R=(CH2 ) 2 CH3 , n= 1, 3HC], and 
3-hydroxy heptanoate [-- R= (CH2 ) 3 CH3 n= 1, 3HH], 3-hydroxy octanoate [R=(CH2) 4 CH3 n= 1, 
3HO], 3-hydroxy nonanoate [R=(CH2 ) 5 CH3 , n= 1, 3HN], 3-hydroxydecanoate [R=(CH2 ) 6 CH3 n= 
1, 3HD], gamma-butyrolactone [R=H, n= 2, BL], delta-valerolactone [R=H, n= 3, VL], epsilon- 
caprolactone [R=H, n= 4, CL] 

The polymer which consists of one sort of ** or two sorts or more is mentioned. 
[0024] this polyhydroxy alkanoate — polylactic acid (Pori (DL-lactic acid) which exists as polylactic 
acid at a rate of Pori (L-lactic acid) where a configuration unit consists only of L-lactic acid, Pori (D- 
lactic acid) which consists only of a D-lactic acid and an L-lactic acid unit, and D-lactic-acid kind 
arbitration is shown.) — you may be a homopolymer like the Pori epsilon caprolactone again, and a 
copolymer with other HIDOROKISHIARUKARIETO is sufficient. Moreover, you may be 3-hydroxy 
butyrate, and other 3-hydroxy alkanoate and the copolymer to which copolymerization of 3-hydroxy 
BARIRETO was carried out especially. 

[0025] A glass transition points (Tg) f s thing 30 degrees C or more is [ especially the aliphatic series 
polyester used for this invention ] desirable -60 degrees C or more. It is industrially mass-produced 
among these aliphatic series polyester, and acquisition is easy and polylactic acid is mentioned as 
aliphatic series polyester friendly also to an environment. Polylactic acid (PLLA) is resin which uses 
grain starches, such as corn, as a raw material, and is a polymer which makes a monomer the lactic-acid- 
fermentation object of starch, and L-lactic acid. It is manufactured by the ring-opening-polymerization 
method and direct polycondensation method of the lactide which is generally the dimer. It is 
decomposed with water and carbon dioxide gas by the microorganism which exists in a nature, and its 
attention is paid to this polymer as resin of a perfect recycle system mold by it. Moreover, the glass 
transition point (Tg) has the advantage of being close to Tg of about 58 degrees C and PET. 
[0026] The above-mentioned aliphatic series polyester, especially polylactic acid can also be 
independently used for the drawing Plastic solid of this invention, and can also be used for it also as 
other aliphatic series polyester, a blend object with other resin, or a layered product with other resin. 
[0027] Furthermore, as other usable resin, barrier resin, for example, the hydroxyl-group content 
thermoplastics in which barrier nature is shown to oxygen, Nylon, barrier nature polyester resin, a high 
nitrile resin, the annular olefin system copolymer in which barrier nature is shown to a steam can be 
mentioned in a blend object with the above-mentioned aliphatic series polyester, or the form of a layered 
product. The resin of arbitration can be used, as long as hydroxyl-group content resin is desirable in 
respect of biodegradability and thermoforming is possible also among these. This resin has the repeating 
unit which has a hydroxyl group in that chain, and the unit which gives thermoforming nature to resin. 
Although hydroxyl-group content repeating units may be a vinyl alcohol unit and a hydroxyalkyl (meta) 
acrylate unit, in respect of biodegradability, a vinyl alcohol unit is desirable. As for other units contained 
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in this hydroxyl-group content resin, vinyl ester unit; alkyl (meta) acrylate units, such as olefin units, 
such as ethylene and a propylene, and vinyl acetate, etc. are mentioned. Moreover, these hydroxyl-group 
content resin should have the molecular weight which is sufficient for forming a film at least. 
[0028] Suitable hydroxyl-group content resin consists of a copolymer containing % of an ethylene unit, 
10 thru/or 40-mol 40 thru/or % of a 88-mol vinyl alcohol unit, and the ester content vinyl unit not more 
than 50 mol %. By using such a hydroxyl-group content polymer as a blend object or a layered product, 
the gas barrier nature of a drawing Plastic solid can be raised, and the advantage of moreover not 
checking biodegradability on parenchyma is attained. 

[0029] According to the application, the reinforcing agent of various coloring agents, a bulking agent, an 
inorganic system, or an organic system, lubricant, a plasticizer, a leveling agent, a surfactant, a 
thickener, an adhesiveness-reducing agent, a stabilizer, an anti-oxidant, an ultraviolet ray absorbent, a 
rusr-proofer, etc. can be blended with the drawing Plastic solid of this invention according to a well- 
known formula. 

[0030] (A drawing Plastic solid and its process) The drawing Plastic solid of this invention is 
manufactured by performing biaxial stretching which prepared negative inclination in the drawing rate 
of making the drawing rate of a telophase small greatly [ object / of the resin which makes aliphatic 
series polyester a subject / preforming / rate / early / drawing ]. 

[003 1] Manufacture of a preforming object (preforming) can be manufactured in itself by a well-known 
extrusion method and the well-known injection-molding method, and compression forming. For 
example, the light-gage sheet of an oriented film and a film, and the sheet pressure forming to a cup 
thru/or for plug assist forming are fabricated by extruding and carrying out melting resin through T-die. 
Moreover, pipe-like preforming for container shaping can also be fabricated by extruding and carrying 
out melting resin through a ring die. Furthermore, preforming for solid containers, such as a bottle, is 
fabricated by injecting melting resin by the screw or the plunger in the metal mold which consists of 
cavity metal mold and core metal mold. Moreover, preforming for stereos, such as a bottle, is obtained 
compressing the parison of melting resin with cavity metal mold and core metal mold. 
[0032] In order to manufacture the preforming object which consists of the layered product of aliphatic 
series polyester and other resin, for example, hydroxyl-group content resin, a multilayer preforming 
object is manufactured by using a well-known laminating technique in itself, for example, co-extruding 
using a multilayer die using the extruder corresponding to the class of resin, when it is an extrusion 
method. Moreover, in injection molding, multilayer preforming can be formed in itself by the well- 
known simultaneous co-injecting method and the well-known serial co-injecting method. Furthermore, 
compression forming can also manufacture multilayer preforming by forming multilayer melting resin 
parison by co-extrusion etc. 

[0033] Drawing shaping of a preforming object is performed in the drawing temperature of aliphatic 
series polyester on the conditions from which the approach which the drawing rate mentioned above is 
taken, and the orientation degree of crystallinity (Do) of the acquired Plastic solid becomes 0.15 or 
more. 

[0034] Although drawing temperature is different with the class of aliphatic series polyester, generally, 
Tg thru/or Tg+60 degree C temperature are suitable on the basis of the glass transition point (Tg) of 
aliphatic series polyester, for example, when it is polylactic acid, the temperature which is Tg+10 degree 
C thru/or Tg+20 degree C is suitable. 

[0035] Although biaxial-stretching shaping which prepared negative inclination in the drawing rate 
which made the drawing rate of a telophase small greatly [ rate / early / drawing ] is performed in this 
invention, it is desirable that the ratio (V1/V2) of the drawing rate (VI) of the 1st step and the drawing 
rate (V2) of the last stage is generally in the range of 3 thru/or 70, when canceling thru/or reducing a 
strong anisotropy. That is, since the productivity of drawing shaping will worsen if there is an 
inclination it to become difficult to improve a strength property so that said formula (1) may be satisfied, 
if the ratio of V1/V2 is less than the above-mentioned range, and this ratio exceeds the above-mentioned 
range on the other hand, it is not desirable. 

[0036] Although especially the drawing rate in the 1st step is not limited, it is desirable that it is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_.ejje 



12/22/2004 



Page 6 of 14 




generally in the range of 1 m7sec thru/or 50 m/sec. Change of a drawing rate can also be gradually 
changed over two steps or multistage [ beyond it ], and can also be changed continuously. Of course, 
inclination must be prepared in a drawing rate so that a drawing rate may decrease in monotone towards 
a tail end from the early stages of a drawing in any [ these ] case. A mechanical drawing can perform the 
change of a drawing rate by changing blow ** by expansion drawing by changing the passing speed of a 
drawing rod or a grasping chuck again. 

[0037] The draw magnification of the direction of a machine (container shaft orientations) is [ the draw 
magnification of 1 .4 thru/or 4 times, and the crossing direction (container hoop direction) ] 1 .4 thru/or 4 
times, and area draw magnification seems to become 2 thru/or 16 times suitably generally, as the 
orientation degree of crystallinity (Do) as which draw magnification is defined by said formula (2) 
becomes 0.15 or more. 

[0038] In drawing shaping of this invention, the reason a strong anisotropy is canceled thru/or reduced 
has still come to be solved by preparing negative inclination in a drawing rate. However, on such 
drawing conditions, possibility that relaxation of distortion by drawing and a kind of heat setting have 
happened cannot be denied. 

[0039] Although the anisotropy of a mechanical strength is canceled and the aliphatic series polyester 
drawing Plastic solid by this invention is excellent also in the various properties as a container, it has the 
inclination for it to be a little inferior in gas barrier nature as compared with aromatic polyester. In order 
to improve this, it is desirable to form the hard carbon film in one [ at least ] front face of a drawing 
Plastic solid with chemical vapor deposition (CVD). 

[0040] The hard carbon film is a calling [ the DLC (diamond like carbon) film i carbon film, or the 
hydrogenation amorphous carbon film (a-C:H) ]-generally thing, and it consists of the amorphous 
carbon film which made SP3 association the subject. This carbon film is excellent in the sorption 
depressor effect **** gas barrier property of low-molecular organic compounds, such as a flavor 
component. As for the thickness of a carbon film, it is desirable that it is in the range of 0.05-5 
micrometers from a standpoint with improvement in these properties, adhesion with plastics, endurance, 
transparency, etc. 

[0041] chemical vapor deposition (CVD) with formation of the hard carbon film well-known in itself — 
especially plasma CVD can perform. Plasma CVD performs thin film growth using the gas plasma, and 
fundamentally, make the gas which contains material gas under reduced pressure discharge with the 
electric energy by high electric field, it is made to decompose, and it consists of the process which 
makes the matter to generate deposit on a substrate through the chemical reaction the inside of a gaseous 
phase, or on a substrate. The plasma state is realized as boil glow discharge, and the approach of using 
direct-current glow discharge with the method of this glow discharge, the method of using RF glow 
discharge, the method of using microwave discharge, etc. are learned. 

[0042] Since plasma CVD uses direct decomposition of the gas molecule by ** high-speed electron, it is 
in the thermal non-equilibrium which can dissociate the big material gas of generation energy easily and 
from which ** electron temperature and gas molecule temperature differ, has the advantage that the 
comparatively uniform amorphous film can be formed even if ** substrate temperature whose low- 
temperature process becomes possible is low, and can apply it also to an aliphatic series polyester 
drawing Plastic solid easily. 

[0043] As material gas for film formation, the aliphatic hydrocarbon of a gas and ******, aromatic 
hydrocarbon, oxygenated hydrocarbons, and nitrogen-containing hydrocarbons are used in ordinary 
temperature. Also in this, six or more benzene, toluene, O-xylene, meta xylene, p-KISHIRE, a 
cyclohexane, etc. have a desirable carbon number. These raw materials can also be used independently, 
and may be used as two or more sorts of mixed gas, and these gas may be further diluted and used for 
them with rare gas like an argon or helium. 

[0044] It is filled up with an aliphatic series polyester drawing Plastic solid in a reaction container at 
formation of the hard carbon film, and the inside of a reaction container is made reduced pressure. 
Generally the degree of vacuum at this time has the desirable range of 10-2 - 10-5torr. Subsequently, 
said material gas is supplied in a reaction container, glow discharge is started, and film formation is 
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performed. As for the pressure in a reaction container, it is desirable that it is in the range of 0.5 - 
O.OOltorr. In order to raise the adhesion of a carbon film and a Plastic solid further, it precedes forming a 
carbon film, and by inorganic gas, such as an argon and oxygen, plasma treatment can be performed and 
a Plastic solid front face can also be activated. 

[0045] (Application) The drawing Plastic solid of this invention is still still more useful as the structures, 
such as a pipe and a case, as containers for a negotiation, such as a container, a tank, and a cage, as 
various plastics containers, for example, a bottle, a cup, a tube, a plastics can, a pouch, a cap, and 
wrapping, such as a film and a tray. 
[0046] 

[Example] Next, this invention is explained with a concrete example. In addition, this invention is not 
limited to the following examples. 
[0047] (Shaping) 

Bottle shaping: Weight average molecular weight used the polylactic acid of 180000. Preforming with 
an aperture [ phi ] of 28mm was injection molded under 190-200-degree-C condition using the injection 
molding machine. The die temperature of 15 degrees C. Next, round 500ml ****** blow bottle was 
created for preforming after reheating at 65-75 degrees C using the metal mold blow molding machine at 
the infrared heater. In this case, it considered as the constant-pressure blow molding which makes blow 
** compression pneumatic pressure 30 kg/cm2. Moreover, after it made compressed-air entrainment 
opening and an exhaust port put side by side and early compression pneumatic pressure considered as 30 
kg/cm2, the exhaust air bulb was opened for a time, blow ** was gradually decreased in blow time 
amount, and the metal mold blow which decompressed final blow ** to 0.5 kg/cm2 was performed. 
[0048] Cup shaping: Said polylactic acid was used. Using the extruder, C1-C4 of the screw section were 
made into 190-200 degrees C, T-die temperature was made into 190 degrees C, and the sheet of 400mm 
width of face and 2mm thickness was created. While extending this sheet to the lengthwise direction in 
the cone mold plug assist after reheating at 70 degrees C using the thermostat form making machine, the 
cylindrical cup was fabricated by the compressed air. (Aperture 80mmphi, diameter-of-bottom 
50mmphi, height of 90mm) . The die temperature of 15 degrees C. In this case, shaping which made the 
pressure of the compressed air of an entrainment the constant pressure of 10 kg/cm2, and shaping to 
which the pressure of the entrainment compressed air was changed from the initial pneumatic pressure 
of 10kg/cm2 to 0.5kg/cm2 were performed. 

[0049] Drawing sheet forming: Said polylactic acid was used. The 1 Immxl 1mm size plate of 2mm 
thickness was injection molded under 190-200-degree-C condition using the injection molding machine. 
The die temperature of 15 degrees C. next, biaxial-stretching equipment — using — drawing rate 10 
m/min after reheating an injection-molding plate at 70 degrees C — 2x2 times, 2.5x2.5 times, and 3x3 
times — simultaneous biaxial stretching was carried out. Moreover, draw magnification was made into 
3x3 times at regularity, and simultaneous biaxial stretching to which the drawing rate was changed with 
50 mm/min, 500 mm/min, and 1000 mm/min was performed. Similarly, draw magnification was made 
into 3x3 times, initial drawing rates are 1000 mm/min and biaxial stretching which decelerated 500 
mm/min, 50 mm/min, and a drawing rate gradually in biaxial-stretching time amount was performed. 
[0050] (Assessment) 

Drawing stress of a biaxial-stretching sheet: The drawing stress at the time of biaxial stretching was 
measured using Oriental energy machine company make and biaxial-stretching equipment. In this case, 
although drawing shafts were two shafts, the drawing stress of each drawing shaft showed this pattern. 
For this reason, the drawing stress of 1 shaft orientations was shown. 

Mechanical strength: The biaxial-stretching sheet was used. The ASTMD-1822 mold dumbbell was 
started, respectively in the direction centering on the direction centering on drawing shaft orientations 
(X, Y), and the direction of a vertical angle (the direction of 45 degree) which drawing 2 shaft 
orientations make, and the tensile-stress-skew curve was obtained with the hauling testing machine 
made from ORIENTEC. 

Compressive strength: The metal mold blow bottle and the thermostat form shaping cup were used. The 
jig of lOmmphi was used for the bottle and the drum section (longitudinal direction) of a cup, and the 
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compressive-strain trial of the 10% of the amounts of strains was performed. The bottle which generated 
the crack in the direction of a drum section at the time of strain deformation, and the cup were made into 
x, and the bottle which a crack does not generate at the time of deformation, and the cup were made into 
O. 

[0051] 13C broad line NMR measurement: JEOL Shrine make After arranging and piling up the logging 
direction using a biaxial-stretching sheet, a metal mold blow bottle, and the intercept that arranged and 
started the direction from the thermostat foam cup to 4mm width of face using NMR equipment, the 
electrode holder made from die chlorofluocarbon was filled up. Then, 13C broad line NMR 
measurement was performed. Moreover, the view atomic nucleus was limited to the carbonyl carbon 
field. If the obtained NMR spectrum is only a non-orientation component, it shows the amorphism 
pattern shown in drawing^! . If the orientation component exists, in addition to the amorphism pattern 
shown in drawing^ , the orientation shaft of an orientation component as shown in drawin g 3 and 
drawing 4 , and the include-angle dependence spectrum pattern which the direction of a static magnetic 
field of NMR makes are shown (an example, the drawing 3 -> perpendicularity, and drawing 4 -> 
parallel). For this reason, it can ask for the presentation molar fraction of an orientation crystal 
component by deducting the powder pattern shown in drawing 2 from 13C broad line NMR 
measurement spectrum of location survey. First, the light-gage amorphism sample which quenched the 
melting sample was created, finely, after decision, random restoration was carried out and 13C broad 
line NMR measurement was carried out at sample tubing made from die chlorofluocarbon ( drawing 1 ). 
Next, the logging direction was arranged for the intercept cut down from the thermostat foam cup, and 
superposition and 13C broad line NMR measurement were performed in the biaxial-stretching sheet, the 
metal mold blow bottle, and the list. After reading each measured spectrum with an image scanner, X of 
a spectrum and a Y coordinate were obtained. Then, the powder pattern of a non-orientation component 
was deducted from 13C broad line NMR spectrum of the intercept of a thermostat foam cup in the 
biaxial-stretching sheet, the metal mold blow bottle, and the list by spreadsheet software (the Microsoft 
Corp. make, Excel (trademark)). Spectrum peak intensity before count was set to S. The amorphism 
component deducted by count was set to Sa. In this case, S-Sa=Sc serves as an orientation crystal 
component. For this reason, Do=(S-Sa)/S shows a formed part of an orientation crystal component here. 
13C broad line NMR measurement shown here is general tools of analysis. 
[0052] Simultaneous biaxial stretching of draw magnification 3x3 was performed using biaxial- 
stretching equipment after reheating the plate of [example 1] 2mm thickness at 70 degrees C. The initial 
drawing rate was made into 1000 mm/min, and the drawing rate was gradually reduced with 500 
mm/min and 50 mm/min into simultaneous biaxial-stretching time amount. The orientation degree of 
crystallinity for which the drawing stress pattern at the time of the mechanical strength (yield point 
reinforcement) of drawing shaft orientations and its direction of a vertical angle (the direction of 45 
degree) and biaxial stretching of this sample and the list were asked from 13C broad line NMR 
measurement was shown in a table 1 about the above-mentioned simultaneous biaxial-stretching sample. 

[0053] Draw magnification performed simultaneous biaxial stretching of 3x3 using biaxial-stretching 
equipment after reheating the plate of [example 1 of comparison] 2mm thickness at 70 degrees C. The 
drawing rate was extended whenever [ fixed-speed ] at the rate of [ each ] 1000 mm/min, 500 mm/min, 
and 50 mm/min. The orientation degree of crystallinity for which the drawing stress pattern at the time 
of the mechanical strength (yield point reinforcement) of drawing shaft orientations and its direction of a 
vertical angle (the direction of 45 degree) and biaxial stretching of this sample and the list were asked 
from 13C broad line NMR was shown in a table 1 about the above-mentioned simultaneous biaxial- 
stretching sample. 

[0054] Simultaneous biaxial stretching was performed using biaxial-stretching equipment after reheating 
the plate of [example 2 of comparison] 2mm thickness at 70 degrees C. The drawing rate was considered 
as whenever [ fixed-speed / of 10 m/min ], and draw magnification was changed with 2x2 times, 2.5x2.5 
times, and 3x3 times. The orientation degree of crystallinity for which the drawing stress pattern at the 
time of the mechanical strength (yield point reinforcement) of drawing shaft orientations and its 
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direction of a vertical angle (the direction of 45 degree) and biaxial stretching of this sample and the list 
were asked from the 13 double width CNMR was shown in a table 2 about the above-mentioned 
simultaneous biaxial-stretching sample. 

[0055] [Example 2] Said polylactic acid was used. The sheet of 400mm width of face which made Cl- 
C4 of the screw section 190-200 degrees C 5 and made T-die temperature 190 degrees C, and 2mm 
thickness was created using the extruder. While extending this sheet to the lengthwise direction in the 
plug assist of a cone mold after reheating at 70 degrees C using the thermostat form making machine, it 
considered as 1 kg/cm2 low- voltage air from 2 the initial compression pneumatic pressure of 15kg/cm at 
the telophase, and the cylindrical cup was fabricated. (Aperture 80mmphi, diameter-of-bottom 
SOmmphi, height of 90mm) The die temperature of 15 degrees C. a cup drum section (longitudinal 
direction) — lOmmphi plate jig — using — the 10% of the amounts of strains - the compression set was 
carried out. The cup which a crack does not produce in a drum section at the time of compressive-strain 
deformation was made into O, and it considered as cup x which the crack produced at the drum section 
at the time of deformation. The result was shown in a table 3. 

[0056] [Example 3 of a comparison] Said polylactic acid was used. The sheet of 2mm thickness was 
created using the extruder by 400mm width of face which made screw section temperature, and C1-C4 
190-200 degrees C, and made T-die temperature 190 degrees C. While extending this sheet to the 
lengthwise direction in the cone mold plug assist after heating at 70 degrees C using the thermostat form 
making machine, it fabricated by the compressed air in the cylindrical cup. (Aperture 80mmphi, 
diameter-of-bottom SOmmphi, height of 90mm) The die temperature of 1 5 degrees C. In this case, the 
pressure of the compressed air of an entrainment was made into 15 kg/cm2. lOmmphi plate jig was used 
for the cup drum section (longitudinal direction), and compressive-strain deformation was carried out at 
the 10% of the amounts of strains. The cup which a crack does not produce in a drum section was made 
into O after strain deformation, and it considered as cup x which the crack produced in the drum section 
at the time of deformation. The result was shown in a table 3. 

[0057] [Example 3] Said polylactic acid was used. Preforming of 28mmphi was injection molded under 
190-200-degree-C condition using the injection molding machine. The die temperature of 15 degrees C. 
Round 500ml ** blow bottle was created for preforming with the metal mold blow molding machine 
after reheating at 70-75 degrees C using the infrared heater. After the blow pressure at the time of a blow 
made compressed-air entrainment opening and an exhaust port put side by side and made compression 
pneumatic pressure 30 kg/cm2 in early stages, it opened the exhaust air bulb for a time, and 
decompressed blow ** gradually in blow time amount. It decompressed to 0.5 kg/cm2 eventually, and 
the metal mold blow was carried out. Compressive-strain deformation of the drum section (longitudinal 
direction) of the above-mentioned shaping metal mold blow bottle was carried out to the 10% of the 
amounts of strains using lOmmphi plate jig. The bottle which a crack does not produce in a drum section 
was made into O after compressive-strain deformation, and it considered as bottle x which the crack 
produced in the drum section at the time of strain deformation. The result was shown in a table 3. 
[0058] [Example 4 of a comparison] Said polylactic acid was used. Preforming of 28mm of diameters 
phi of a nozzle was injection molded under 190-200-degree-C condition using the injection molding 
machine. The die temperature of 15 degrees C. The round shape blow bottle of 500ml ** was created for 
preforming with the metal mold blow molding machine after reheating at 70-75 degrees C using the 
infrared heater. Constant-pressure blow molding which makes compression pneumatic pressure at the 
time of a blow 30 kg/cm2 was performed, the above-mentioned shaping metal mold blow bottle — 
attaching — a drum section (longitudinal direction) — lOmmphi plate jig — using — the 10% of the 
amounts of strains ~ compressive-strain deformation was carried out. The bottle which a crack does not 
produce in a drum section was made into O after compressive-strain deformation, and it considered as 
bottle x which the crack produced in the drum section at the time of strain deformation. The result was 
shown in a table 3. 
[0059] 
[A table 1] 
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[0061] 
[A table 3] 
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[0062] Next, preparation and measurement of a sample were shown in the example and the example of a 
comparison about the aliphatic series polyester drawing moldability in which the hard carbon film was 
formed. 

[0063] (Bottle shaping) Preforming with an aperture [ phi ] of 28mm was injection molded under 190 
degrees C - 200 degree-C condition using the injection molding machine for polylactic acid. The die 
temperature of 15 degrees C. Next, the metal mold blow bottle of 300 micrometers of average wall 
thickness of 500ml ** was created for preforming after reheating at 65-75 degrees C using the metal 
mold blow molding machine at the infrared heater. In this case, after making compressed-air 
entrainment opening and an exhaust port put side by side and making early compression pneumatic 
pressure into 30 kg/cm2, it decompressed in blow time amount gradually. Metal mold blow molding 
which made final blow pressure 0.5 kg/cm2 was performed. Moreover, metal mold blow molding which 
made blow pressure the constant pressure of 30 kg/cm2 was performed. 

[0064] (Sheet forming) The sheet of 200mm width of face which made CI - C4 temperature of the screw 
section 190 degrees C - 200 degrees C, and made T-die temperature 190 degrees C for polylactic acid 
using the extruder, and 2mm thickness was fabricated. Then, 3x3 times as many biaxial stretching as this 
was performed using the tenter type biaxial-stretching machine reheated and converted into 65 degrees 
C - 75 degrees C using heating oven (average wall thickness: 200 micrometers). In this case, the early 
drawing rate was made into 1 m/min, and by the time it resulted in predetermined draw magnification, 
the drawing rate was gradually slowed down to 0.05 m/min. Moreover, fixed-speed drawing shaping 
which made the drawing rate 1 m/min was performed. 

[0065] (Film production of a carbon film) ****** O.ltorr and the PE-CVD carbon film vacuum 
evaporationo of 13.56MHz of high-frequency power which made hexane argon mixed gas material gas 
for bottle internal pressure after vacuum reduced pressure with CVD vacuum evaporationo equipment 
using the electrode of a bottle configuration and the electrode installed in the interior of a bottle were 
performed (bottle). Membrane formation temperature of 25 degrees C. 

(Drawing sheet) ****** O.ltorr and the PE-CVD carbon film vacuum evaporationo of 13.56MHz of 
high-frequency power which made hexane argon mixed gas material gas were performed using the plate 
electrode set up up and down in the vacuum chamber. Membrane formation temperature of 25 degrees 

C. 

[0066] (Oxygen gas barrier property) 

(Bottle) The prototype bottle was put in in the vacuum chamber, after carrying out vacuum reduced 
pressure, high grade nitrogen gas was made to flow and nitrogen inert gas replacement of the bottle 
bashful phase was carried out. Then, it sealed with the rubber stopper. It saved on the 30 degree-C- 
RH80% conditions of 20.9% of oxygen densities. After three weeks, the gas-tight syringe was used, the 
air in a bottle was extracted, GC analysis was carried out, and it converted into B02. 
(Drawing sheet) Using the gas radiographic examination machine made from Mocon, oxygen 
transmittance was measured under 40-degree-C condition, and it converted into the oxygen transmission 
coefficient. 

[0067] (Mechanical strength) 

(Bottle) The jig of lOmmphi was used for the bottle drum section (longitudinal direction) after vapor- 
depositing a metal mold blow bottle and a carbon thin film, and the compressive-strain trial of the 10% 
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of the amounts of strains was performed. The bottle which the crack generated in the direction of a drum 
section at the time of strain deformation was made into x, and the bottle which a crack does not produce 
at the time of deformation was made into O. 

(Drawing sheet) The ASTM-1822 mold dumbbell was started, respectively in the direction centering on 
the direction centering on drawing shaft orientations (X, Y) and the direction (45 degrees) of a vertical 
angle which drawing 2 shaft makes using a biaxial-stretching sheet, and the tensile-stress-skew curve 
was obtained with the hauling testing machine made from ORIENTEC. 

[0068] Preforming with an aperture [ phi ] of 28mm was injection molded under 190 degrees C - 200 
degree-C condition using the injection molding machine for [example 4] polylactic acid. The die 
temperature of 15 degrees C. Next, the metal mold blow bottle of 300 micrometers of average wall 
thickness of 500ml ** was created for preforming after reheating at 65 degrees C - 75 degrees C using 
the metal mold blow molding machine at the infrared heater. In this case, after making compressed-air 
entrainment opening and an exhaust port put side by side and making early compression pneumatic 
pressure into 30 kg/cm2, it decompressed in blow time amount gradually. Metal mold blow molding 
which made final blow pressure 0.5 kg/cm2 was performed. Next, ****** O.ltorr and the PE-CVD 
carbon film vacuum evaporationo of 13.56MHz of high-frequency power which make hexane argon 
mixed gas material gas for bottle internal pressure after vacuum reduced pressure with CVD vacuum 
evaporationo equipment using the electrode of a bottle configuration and the electrode installed in the 
interior of a bottle were performed. Membrane formation temperature of 25 degrees C. B02 which 
saved the bottle after vapor-depositing a carbon film at 20.9% of 40 degree-C-RH80% of oxygen 
densities, and obtained it was obtained. Furthermore, the jig of lOmmphi was used for the bottle drum 
section (longitudinal direction), and the compressive-strain trial of the 10% of the amounts of strains 
was performed. The bottle which the crack generated in the direction of a drum section at the time of 
strain deformation was made into x, and the bottle which a crack does not produce at the time of 
deformation was made into O. The obtained result was shown in a table 4. 

[0069] Preforming with an aperture [ phi ] of 28mm was injection molded under 190 degrees C - 200 
degree-C condition using the injection molding machine for [example 5 of comparison] polylactic acid. 
The die temperature of 1 5 degrees C. Next, the metal mold blow bottle of 300 micrometers of average 
wall thickness of 500ml ** was created for preforming after reheating at 65 degrees C - 75 degrees C 
using the metal mold blow molding machine at the infrared heater. In this case, after making 
compressed-air entrainment opening and an exhaust port put side by side and making early compression 
pneumatic pressure into 30 kg/cm2, it decompressed in blow time amount gradually. Metal mold blow 
molding which made final blow pressure 0.5 kg/cm2 was performed. B02 of a bottle which saved the 
above-mentioned bottle at 20.9% of 30 degree-C-RH80% of oxygen densities, and obtained it after the 
nitrogen purge was obtained. Furthermore, the jig of lOmmphi was used for the bottle drum section 
(longitudinal direction), and the compressive-strain trial of the 10% of the amounts of strains was 
performed. The bottle which the crack generated in the direction of a drum section at the time of strain 
deformation was made into x, and the bottle which a crack does not produce at the time of deformation 
was made into O. The obtained result was shown in a table 4. 

[0070] Preforming with an aperture [ phi ] of 28mm was injection molded under 190 degrees C - 200 
degree-C condition using the injection molding machine for [example 6 of comparison] polylactic acid. 
The die temperature of 1 5 degrees C. Next, the metal mold blow bottle of 300 micrometers of average 
wall thickness of 500ml ** was created for preforming after reheating at 65 degrees C - 75 degrees C 
using the metal mold blow molding machine at the infrared heater. In this case, metal mold blow 
molding which made the compressed-air pressure the 1 constant pressure of 30 kg/cm2 was performed. 
Next, ****** O.ltorr and the PE-CVD carbon film vacuum evaporationo of 13.56MHz of high- 
frequency power which make hexane argon mixed gas material gas for bottle internal pressure after 
vacuum reduced pressure with CVD vacuum evaporationo equipment using the electrode of a bottle 
configuration and the electrode installed in the interior of a bottle were performed. Membrane formation 
temperature of 25 degrees C. B02 of a bottle which saved the bottle after vapor-depositing a carbon film 
at 20.9% of 30 degree-C-RH80% of oxygen densities, and obtained it was obtained. Furthermore, the jig 
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of lOmmphi was used for the bottle drum section (longitudinal direction), and the compressive-strain 
trial of the 10% of the amounts of strains was performed. The bottle which the crack generated in the 
direction of a drum section at the time of strain deformation was made into x, and the bottle which a 
crack does not produce at the time of deformation was made into O. The obtained result was shown in a 
table 4. 

[0071] The sheet of 200mm width of face which made CI - C4 temperature of the screw section 190 
degrees C - 200 degrees C, and made T-die temperature 190 degrees C for [example 5] polylactic acid 
using the extruder, and 2mm thickness was fabricated. Then, 3x3 times as many biaxial stretching as this 
was performed using the tenter type biaxial-stretching machine reheated and converted into 65 degrees 
C - 75 degrees C using heating oven (average wall thickness: 200 micrometers). In this case, the early 
drawing rate was made into 10 m/min, and by the time it resulted in predetermined draw magnification, 
the drawing rate was gradually slowed down to 0.05 m/min. Next, ****** 0.1 ton* and the PE-CVD 
carbon film vacuum evaporationo of 13.56MHz of high-frequency power which made hexane argon 
mixed gas material gas were performed using the plate electrode set up up and down in the vacuum 
chamber. Membrane formation temperature of 25 degrees C. Furthermore, using the gas radiographic 
examination machine made from Mocon, oxygen transmittance was measured under 40-degree-C 
condition, and it converted into the oxygen transmission coefficient. Furthermore, the ASTM-1822 mold 
dumbbell was started, respectively in the direction centering on the direction centering on drawing shaft 
orientations (X, Y), and the direction (45 degrees) of a vertical angle which drawing 2 shaft makes, and 
the tensile-stress-skew curve was obtained with the hauling testing machine made from ORIENTEC. 
The obtained result was shown in a table 5. 

[0072] The sheet of 200mm width of face which made CI - C4 temperature of the screw section 190 
degrees C - 200 degrees C, and made T-die temperature 190 degrees C for [example 7 of comparison] 
polylactic acid using the extruder, and 2mm thickness was fabricated. Then, 3x3 times as many biaxial 
stretching as this was performed using the tenter type biaxial-stretching machine reheated and converted 
into 65 degrees C - 75 degrees C using heating oven (average wall thickness: 200 micrometers). In this 
case, the early drawing rate was made into 10 m/min, and the drawing rate was gradually slowed down 
to 0.05 m/min until it resulted in predetermined draw magnification. Using the above-mentioned 
drawing sheet, using the gas radiographic examination machine made from Mocon, oxygen ****** was 
measured under 40-degree-C condition, and it converted into the oxygen transmission coefficient. 
Furthermore, the ASTM-1822 mold dumbbell was started, respectively in the direction centering on the 
direction centering on drawing shaft orientations (X, Y), and the direction (45 degrees) of a vertical 
angle which drawing 2 shaft makes, and the tensile-stress-skew curve was obtained with the hauling 
testing machine made from ORIENTEC. The obtained result was shown in a table 5. 
[0073] The sheet of 200mm width of face which made CI - C4 temperature of the screw section 190 
degrees C - 200 degrees C, and made T-die temperature 190 degrees C for [example 8 of comparison] 
polylactic acid using the injection molding machine, and 2mm thickness was fabricated. Then, 3x3 times 
as many biaxial stretching as this was performed using the tenter type biaxial-stretching machine 
reheated and converted into 65 degrees C - 75 degrees C using heating oven (average wall thickness: 
200 micrometers). 

In this case, the drawing rate was made into the fixed drawing rate of 10 m/min. Next, ****** O.ltorr 
and the PE-CVD carbon film vacuum evaporationo of 13.56MHz of high-frequency power which make 
hexane argon mixed gas material gas for bottle internal pressure after vacuum reduced pressure with 
CVD vacuum evaporationo equipment using the electrode of a bottle configuration and the electrode 
installed in the interior of a bottle were performed. Membrane formation temperature of 25 degrees C. 
the above-mentioned drawing sheet — using — the gas radiographic examination machine made from 
Mocon ~ using — the bottom of 40-degree-C condition, and an oxygen transmission coefficient — 
measuring — base — it converted into the transmission coefficient. Furthermore, the ASTM-1822 mold 
dumbbell was started, respectively in the direction centering on the direction centering on drawing shaft 
orientations (X, Y), and the direction (45 degrees) of a vertical angle which drawing 2 shaft makes, and 
the tensile-stress-skew curve was obtained with the hauling testing machine made from ORIENTEC. 
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The obtained result was shown in a table 5. 



[0074] 
A table 4] 












303 /xiid 








0.1 am 




0.1 Mm 


GHAUT'S" 


0.101 




0.101 




O 


X 


X 



cc/bo«le/day 



[0075] 
[A table 5] 
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[0076] 

[Effect of the Invention] According to this invention, it is in the range in which the strength property of 
the drawing moldings of aliphatic series polyester is satisfied with the drawing rate which an early 
drawing rate is large and the drawing rate of a telophase makes small of said formula (1) by performing 
biaxial-stretching actuation which established negative inclination, and the anisotropy of a mechanical 
strength is canceled thru/or reduced and, moreover, an improvement of this anisotropy is attained in a 
field called 0.15 or more in the amount of preferred orientation (Do). The container which consists of a 
drawing Plastic solid of this invention has the advantage effectively prevented also to the crack by 
expansion contraction or deformation while it is excellent in buckling-proof nature or drop-proof impact 
nature. Furthermore, by making the hard carbon film form with chemical vapor deposition (CVD), 
permeability-proof can be raised to this aliphatic series polyester drawing Plastic solid, and, moreover, 
the sorption of a low-molecular organic component can also be controlled to it. 
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1 Om/m i nW^jSStb, E#«f«2x 
2<g. 2. 5X2. 5fg, 3 X 3 mt^fc: -hfS 

m!»=:Wiffi#tt»fc'p*, mwm5\ftt. : zv>ttf&5\»\ 
(4 5' *i«a) (K(XjA9Ue) . rnrnm?) 

-ifamftftoMtofcti M^'ic, ■ 3 izrncN 

MR*»6 *»fcfil^tSifc^bflE 2 ICt* b fc. 

[0 0 5 5] [*6£0iJ2] «HB#'JABl*ffl^fc. Ifb 
UL-ISfflli. 7.d7'j3L— &<DC l~C4Sr 1 9 0~2 

0 0°C. T5"-ftaSSrl 9 0°Cibit. 4 0 Ommti, 
2mmi©y-h*ML-fe. COS/— h**— 

1 5Kg/cm ! A^^IIClKg/cm' {giffi^i 
bRtttt^-y^^eK^bAc:. (0'#8 0mm*. HS5 
0mm*. S$ 90mm) MMl 5*C. A-^yjlgB 



( 8 ) 
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[0056] [itmmzi wim-tfvfm&ftWz, wl 

ttJLiJfflU, X^'Ji-gfiSS, C1~C4£190, 
~2 0 0'C. T^U&i:l 9 OVtLfz. 4 0 0mm 
4@-T? l 2mm/P©->— h£f£fi£Lfc. ^Oy-hflt-^ 

7 o'Cicun^. nmmzf?? 

^*«/yirj5E^L75io (Og8 0mm(d, Ig5 0mra 
<i>, il$9 0mm) ^SltaSl 5/C. 
*.©Ei$H©E* * 1 5 K g / c m ! tit. 
ffigU (#D&ft) \Z \ 0mm((>»>7SIK u^-f^a 

i o%T-ff^t>-r*-^^^-a-fc. xyfw£.w&. mmz 

[0 0 5 7] [#dS50U3] ?n(fe#'mi££ffl^*:. fcttti 
/jfc^$<£ffll^ 1 9 0~2 0 0t##T. 2 8mm*CJ5 

*-A$#^k — ^-*ffi^7 0~7 5t:JCflJn^ 
&mzfa-l$.MmzTlLM<D5 0 0m 1 #:/D-# 



10 



20 



2 0 0 1-18 2 9 0 
14 

2&&ntm%a*MWi2-tt. wmzizm&is.K.Z3 o 
Kg/ cm 2 <hbfc&, #^AJU^eP#M&t. 7o 

5 Kg/ cm 2 *T*MJEL&S!:7a-&L*:„ ±C*» 
&M7a—$b)\<(Dm& (St^ft) 10mm*W 

^y^ffltK tx$ii o%£TKjgtm>«2-e- 
tz. i£®n?&&j&'&, mmzmntf'ktts.^xhfrz 
Oit, u?fr&Bmzmmz&intf£.vtz-# h)ixt 

[0 0 5 8] [it&0J4] fWffitfUSl&fcffl^fc. Wtti 
fi£JE^£ffl<^ 19 0~2 0 0'C*ttT, /X)l>&2 8 
mm^oyj^^-ASrWttifiK^Ufc. ^1SI15 
t. ^j7*-AS#Mh-^-i£ffl^7 0~7 5*C 
IcTODgMt, ^S^a-^ttlT-5 0 0ml ®<D%1&7 
D-# h;i/£ffr£L£:o 3/a-P#Offi$g^iI^ 3 0 K 
g/cm 2 tT^ffiVo-fiK^fT-s.*:. _kfBfi£fl2& 
I^D-* MKCOi*, PSB («*Ir3) £ 1 Omm<J>¥ 
S^fcfflV*, tXSll 0 %(Z>/E*g£Kr3>»£ -li- 
fe. j£j8iKr«*.^em. ipgEtcsijn^u^cv^ h;i/^ 

bfc. ^SrS3lC^Lfc. 
[0 0 5 9] 
[«1] 





&JIS&111 






3$fQ SflKnwmfailni 


Se&taoiAaifa 




















45° 


MD 


<&^> 






two 


45° 




91 


95 








113 






IWH>>45 a 




MH><45 0 




























s 


















OJ5 


025 


0-20 


ai5 



[0 0 6 0] 



[*2] 
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15 



16 





JMMl 


jtM2 




*$*M SOQnuaaJmlQ 








mm® 










tu(IU 


ft 2D 




MB 




MB 


45° 




45° 


96 


93 


w 


74 


?i 


83 


88 








MD<d6° 


MD<4B° 


MIX 














































It® NMR 




ao5 


0.26 


0.25 



[0 0 6 1] 



[«3] 











mm 2 










o 




o 


X 



[0 0 6 2] &fc«KjK*K*»J«UfcKBi*#Ux* 

m<DmWkZf-Mfe%:7n bit. 
[0 0 6 3] (# h * 'J 

IV i9 0t~2 0 0t;*#T. P§2 8mm*©y«J 

7*-A$#Mt-?-«6 5-7 5 -c levins* 

ft. ftfi^D-l«»1l*ffit». 5 0 0m 1 $<D¥i9£lJP 
3 0 0 ^ mO^I^O-fx hMMbfc. 

«e3 0Kg/cm ! tlfcft. »HW9fcl^D-I^M 
ftK&JEbfco WfcWfc^n-JEafcO. 5 Kg/ cm 40 

OKg/cm 2 ©€ffii:Ufc*a!^n-J*»*fT-3fc. 
[0 0 6 4] (.is-hfcm #'JWK*if 
l>. X^'Ji-g&CDC l~C4ffig£l 9 0*C~2 0 0 
r. T^fiS* 1 9 CCtbfe, 2 0 0mmi|e. 2m 

j? : 2 0 0nm) . «3JSJ©i§#jgK£ 1 m/ 



0. 0 5m/m i nfc»W»fc«iSbfc. X, SEffgft 
£ 1 m/m i n i Lfc«3i3S#^*fT^feo 

[0 0 6 5] (Bimmomm) (#y-m cvd 
Bier, #h;p»«©«ai:jj«hjurt«fc:ia!«bfc«a 

>?!'&^^ : SrJM^7.ttfc, J&KJI0. 1 t o r r, 
Mffl$Lmt)13. 5 6MHz©PE-CVDStllt 

fc. J&BIGEO. 1 t o r r , mffl&ntl 1 3. 5 6MH 

zcpe-cv nmmmmmzft tz. t$.mi&m 2 5 

[0 0 6 6] (®?5SI;tf7.A'J7l4) 

f!ljgg2 0. 9 %©3 0t-RH 8 0 %&ft\Z&WL 
ft. 3 5HM»»C, h->'J >5>*JHr». #h;H* 

3S«£S*U GC^StL, BO a lifcSUfc. 
(5E#->— h) MoconW^SWii&lK 
4 01C'«frT.-«*j8jaflESjW3eu. tt*S«ffiftlC«t 
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JSbfc. 

[0 0 6 7] mtew&m.) 

£ b & h Jl/SrO <t b it. 
(5g#->-h) -tt5£#->— ^ffiWc 38§#*fc£lS] 
(X, Y) Stttt5*l6l. **A 

^[6] (4 5° ) ^fthi-r^^rsitc^-n^nASTM- 1 

8 2 2!^> / <M« , 3ait. OR I ENTECttffi!5l 

[0 0 6 8] #U*UtftltttlAflMI«Ja 
19 0^2 0 0^^7. nl2 8mm(j)0^ij. 
7* — A*»taft»lxfc. ftsaff i 5"C. &tC, 7*U 
7*— A**^«t — *-(CT6 5^-7 5 "ClC^ing* 
ft. *S^D-*»i*ffl^. 5 0 0ml 
3 0 0 ym©&£J7*n-# WI'SfffiEbfc. C ©)<§"&, 
lEffi^^ji^Pt^PSr^KS-B-. 39J88©I£Si£ 
^ES3 0Kg/cm ! iLfci, a»»K7*n-«HW 
|*3lC2JSfiEbfc. «#£lHJfc7*n-l£;*j£0. 5 Kg/cm 

2 <h Lfc^l!7*a-fiK^SrfT-x>ito #ClC CVDlfg 

>S^#7£fC£f#7.<h-r5. fiKKJEO. 1 t o r r. 
iSiJ^jfctt* 1 3 . 5 6MHzOPE-CVDKIIIf 
SrfT^fco /£J»S«2 5 , C. «*«***«©# 
^lSS2 0. 9 %©4 Ot-RH 8 0 %ICffi#LTH 
feBO, £#7i. SIC #h;HBW (CI 0m 

m*CD-7i/*ffl^. t>"f#-* 1 0 %©/£38t>-f^t£l&£ 
ffofc. ttT*^l$lc«8B#ftT'«n#±J*bfc*h 
;U£x<hb, SE#P3fc«*i©£i;-!&:^# K;i/£0£b 
fc. »&*lfc****4fc*bfc. 
[0 0 6 9] [Jt«E«5] #U*LK*»mJ«»**ffl 
li, 19 0t~2 0 0'C^frT. Dg2 8mm<f>©7 >l J 

7*-ASr#n«St-^-tT6 5t~7 S'CtCSttl^ 
ft. ^S7'D-^^*ffl'' i . 5 0 0ml$C¥^J9 

3 0 0 /imOiS^a- # h;i/*ffr5Sbfc. ;®Id, 

tK3 0.Kg/cm ! ibfcft. ©Pg«lc7o-l$ra 
fttCirtJEbfc.. S*&eU&7*D-EE2;£0. 5 Kg/cm 

&ft, K#SA2 0. 9%©3 0*C-RH8 0 %IZ&W 
LTifc^HWDBOi *»jfc. id, tfbJWPgB (tit 
CI 0mm4>O-^^^. 0 %CE 

[0 0 7 0] [Ittttt 6 ] .# U 9UR«tttBA»tt«Ja 



10) 4tH2 0 0.1 - 1 8 2 9 0 

18 

V>, 1 9 0*C~2 0 O'C^ftT. PS2 8mmd)0/U 

7*-A£#*mj£j&Lfc. &stafti 5"c. &ic t"u 

7*-A^^Hk-^-lCT6 5*C~7 5*CtrfliDl» 
ft. &S!7*a-tfc»«SJ?JV». 5 0 0ml £<D¥^l*lJf 
3 0 OitmCD^n-^h^S^l/fc. £©«£. 
£E^O5 3 0Kg/cm ! ©-^EtLfcM^ 
D-BJcJE^ffofc. CVD^»g«tCT. 
»«©««£# NH*j»l:mi/fc««*ffili, # hJU 
rtm^£Jt£MJ£ft. ^**>->^^>«**Xft* 
10 «#*fcT*. JfcWEO.. 1 t o r r, JMlS«ai 
3. 5 6MHzOPE-CVD^fII«^fc. fi£ 

0. 9 %0 3 0t-RH 8 0 %l:ffi#LT'#fc^ NKO 
B0 2 HfC. #h;HMK mfrft) fC 1 0mm 

<J>©S>7**ffi<^ 0 %(DEEmzy?Z>-U,&i&ft 

sxtu ^jgi$tciijn©£b&^# wn&otbfc. 

[0 0 7 1] [|SJS0!I5] #'JfL»£fflbfflb«£ffl 
20 77'J:i-8B©C l~C4iaS£ 1 9 0t~2 0 0 
t. T^-fiSftS: 1 9 O^Ct bfc, 2 0 Ommd, 2m 
m»©->— H£*»L.fc. ^©ft. iJD^*- 7*>Srffl 

v>. 6 5*c~7 5t;(cSi)n^b. 3Scifibfc-r->^-^;n 

0: 2 0 0 /zm) . £©:!§-&. ID$8©5£#S£S£ 1 0 m 
/mi nib. WJ£©«#«*fcS**-Cfc«#a«fc 
0. 0 5m/mi n fcRBffi9Ci*abfc* 

7;U^>^#7£M*4#7N<!:bfc. /SflgJIO. 1 t o 
30 r r . l 3 . 56MHZOPE-CVDKI 

Wmm*ft-otz, «IS2 5'C. HJC Mocontt 

W£U &3ftgi@fi&&lc&gbfc,, Ktc, 

(X, Y) «M^-r«J!ri4. «#— tt©fcT»* 

?J[6] (4 5° ) £tt<fcT5#f6]C-?-n-?nASTM- 1 
8 2 2^^>^;U*«)Cimb. ORIENTECttlil 

e,nfc^^^5Jc*b/t. 

[0 0 7 2] [J±«^IJ7] >}5'J?LS?*lf btHbti£ffl 

40 ti. t.7 u =l— ss©c i ~c 4taa* 1 9 0'C~2 0 0 

"C. T7*-f tUffiS- 1 9 CCiLfc, 2 0 0mm"H. 2m 
mJ¥©v- h^^bfec -?-©ft. jD^:*--7*>£ffl 
^, 6 5'C~7 StlcSJO^b. 3Scigbfc5 L >7-^- 
ttl8#«Srffl^». 3 x 3(&©-tt®flj£fTofc W^fH 
» : 2 0 0 um) . C©*-&, *U^©S#jSft$ 1 0m 
/mi nib. 3f«©3ffi#«J| , k:5*STffi#iS««: 
0. 0 5m/m i n IC^PgWlcMif bfc. ±B2E#->- 
h^ffl^. Mo c o n*tfitfxaiBttMft«m>. 4 0 
•C^^T. Bf*a«»*«*b. K^SiS^^clc^Sb 
50 Ac. SIC, (X, Y) «r*6£-r*#G]. R 
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tf, M#— tt0^t"*f^^lfil (4 5° ) zmt-tzftfa' 

ic-e-n-^tiASTM- 1 8 2 2M^y^)v^m*)m^. 

OR I ENTECtt823l-33fi9ISl&«IKT3lo3g0^ 

[0 0 7 3] [tt«£0»i8] #U5HJ££*fttifi£^t8£JB 
l>, ;*i7'J;L— 8B<£C l~C4i&a?£l 9 0°C~2 0 0 
"C, T^-fiS^Srl 9 Ott bfc. 2 0 0mmifa, 2m 

\,\ 6 5t:~7 5°C(c^iralSiL, efeifibfex>^-^- 

m : 2 6 0 urn) 

Ctf>*|-£\ M#^*l Om/mi n<D-femW&&£ 



20 



10 



3. SlcKflEO.. ltorr, it5^»«^J 13. 5 6MH 
zOPE-CVDM*IIfJl7ofc. 5 
"C. ±ffiM#>--b£fflVv Mo c onttSJtfXjgji&S 

m-M&mzWi'g.Ltz. hic. ®#«i*[S] (x, y) *w 

&mt-fZ>J3ft\Z*ft"etlASTM- 1 8 2 2S^>^ 
;l/£9jr)fflU OR I ENTECttSS§l-3 35DiagMSK 

5 tC^Ufc. 
[0 0 7 4] 
[«4] 







, ttmt s 


tt«M6 




300 /i no 


300 /tm 


300 Aim 




0.1 am 




0.1 Mm 




0.101 




0.101 




o 


X 


X 



1) : J£& cc/bottle/day 



[0 0 7 5] 



200 /X in 



Ojjxm 



0.64 



[*5] 



200m m 



32.05 



lOOOram/mfo 
cfJ|g SOOram/nilia 



3X3 



MD 



96 



4S° 



91 



MMgJ&g£CPJ^ fr& | MD>4S° 
2): cm^STD/cim 1 ■ sec • cfloHg 



as 

lOOOmm/tanin 
SOOmm/niin 
50mm/mJm 



3X3 



96 



45° 



91 



MD>45° 



200 /i m 



0.1 n m 



0.64 



lOOOimnn/rain 



3X3 



MD 



95 
MD<45 



45° 
97 



[0 0 7 6] 

ZT-ju©ji#**«©5ii*»tt*«mE^ (i) *»fi-r 

■*U L*t>21©Jl*tt©*»a«ElRl* (Do) #0. 1 



40 ;we#J«»<*^, ft*JK*ifc (CVD) Kcfc0«H#* 

[0i] BB«#Ux^y;«#*»*k:r)^TO#«i 

*, B«S§#ffiF*> £Effi»IMfcflE (Do) t^ii^ 

[0 2] ^gai^OSgte^^UXX^^O 1 3 CjAigNM 
50 RX^^ hJU/^ — >fc«U&. 



21 

lias] ffifamtNMRwmmmxfatfim&jjfaizu 



( 12 ) w #||2 0 0 1- 1 8 2 9-0 
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[04] E^tt<hNMRC0SI^«^i7i^fT^^b 



1] 



12] , 



[0 3] 



14] 





800 



100 



PPB 



(SDInt.Cl. 7 mftlttt FI t-7D-K(##) 

B 2 9 L 7:00 
9:00 

F^— A(#^0 3E033 AA08 BA17 BB04 BB05 BB08 
EA10 FA02 FA03 GA02 GA03 
4F100 AA37B AA37C AK41A BA02 
BA03 BA06 BA10A BA10B 
BA10C EH66B EH66C EH662 
EJ38 EJ381 GB16 JA05A 
JA11A JC00 JD02 JK02A 
JK10 JK20 JM02B JM02C 
YY00A 

4F208 AA24C AE01 AG01 AG03 

AG07 LA02 LB01 LN28 
4F210 AA24C AE01 AG01 AG03 

AG07 AR08 QC05 QC07 QD25 

QG01 QG18 



